Lipid and cell membranes in the presence of gadolinium and other ions with high affinity to lipids. 2. A dipole component of the boundary potential on membranes with different surface charge.
When Gd3+, a trivalent lanthanide, binds phospholipids with a high affinity, it elicits strong electrostatic effects on the surface of the lipid bilayer. Two experimental methods were applied to monitor the changes in the boundary and surface potentials induced by Gd3+ adsorption on liposomes and planar lipid bilayer membranes (BLM) made from phosphatidylserine (PS), phosphatidylcholine (PC) and their mixtures. The membrane surface charge density was changed by either varying the PS/PC ratio or by changing the degree of PS headgroup ionization in the range of pH between 2.5 and 7.5. The Gouy-Chapman-Stern (GCS) theory combined with the condition of mass balance in the experimental cell was used for quantitative treatment of ion adsorption and related changes in the diffuse part of the electrical double layer (surface potential). Data obtained using microelectrophoresis of liposome suspensions were well described within the framework of the modified GCS theory with constants of 5.10(4) and 10(3) M-1 for Gd3+ association with PS and PC, respectively (Yu. A. Ermakov, A. Z. Averbakh, and S. I. Sukharev, Biol. Membrany 14:434-445 (1997) (in Russian)). The intramembrane field compensation (IFC) technique used to study Gd3+ adsorption on planar lipid bilayers by monitoring the entire boundary potential gave completely different results. An observed drastic difference (approximately 140 mV) between the changes of boundary and surface potential was interpreted as the change in the dipole potential induced by binding of Gd3+. The magnitude of the surface dipole increased with the concentration of PS in PS/PC mixtures and became significant at most negative surface charges (more than 80% of PS in the mixture) and strongly correlated with the degree of PS ionization at different pH. The nature of structural changes at the membrane/water interface induced by Gd(3+)-PS interaction and possible lipid clusterization are discussed in the context of their biological importance.